Introduction {#s1}
============

Coronary artery disease (CAD) is a current major public health concern. Its etiology and pathophysiological mechanism are complex and, as such, have been the focus of several studies over the past 50 years \[[@R01], [@R02]\].

Immunity and inflammation are involved in all phases of CAD and there is a dynamic balance between cells and molecules. Although knowledge in this area has increased in recent years, further research is required \[[@R03], [@R04]\].

The incidence and prognosis of CAD usually differs between men and women. Anatomical and pathophysiological aspects, as well as response to the treatment of coronary atherosclerosis, differed when patients with CAD were analyzed according to sex \[[@R01], [@R05], [@R06]\].

Regarding the immune response of CAD patients, while the activation of the Th1 pathway has been established, several aspects regarding the involvement of Th2 and Th17 remain controversial \[[@R07]\].

Although CAD is a single disease, the morphofunctional aspects of atherosclerotic plaques and clinical manifestations greatly vary, thus making it possible to correlate it with several aspects of patients' immune response \[[@R08]\].

In this study, we evaluated whether the interleukin 17A (IL17A) concentrations in male CAD patients (MPs) differed from those in female patients (FPs) and male controls (MCs). Moreover, FPs were compared with female controls (FCs).

Materials and Methods {#s2}
=====================

This was a cross-sectional, prospective, and analytical study conducted between March 2012 and August 2013. This study was performed in accordance with the ethical principles of clinical research and was approved by the clinical research ethics committee of the institution where it was performed (in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments).

This study enrolled 40 stable CAD patients (24 men and 16 women) with Canadian Cardiovascular Society functional class III or IV: patients with ischemia on myocardial scintigraphy (under optimized medical treatment) but who had not undergone myocardial revascularization; who had at least one coronary stenosis ≥ 50% on coronary angiography performed on the recruitment day; patients with no severe liver or lung disease, cancer, or rheumatic or immune disorders; patients with no acute disease in the previous 3 months; and patients who agreed to participate in the study by signing the consent form.

Twenty healthy volunteers (12 men and 8 women) were selected as controls and were matched with the patients (1:2) for sex and age (± 3 years).

Stenoses were categorized as moderate (50-69% obstruction) and severe (≥ 70% obstruction). The patients were categorized according to the number of arteries with stenosis: single-artery disease (one artery with stenosis ≥ 50%), two-artery disease (two arteries with stenosis), or multi-artery disease (≥ 3 arteries with stenosis).

A 10-mL sample of peripheral blood was collected from the patients and controls immediately after recruitment and sent to the laboratory for enzyme-linked immunosorbent assay (ELISA) and cell culture.

Mononuclear cells were extracted from the heparinized peripheral blood samples from the patients and controls. These cells were then isolated using the standard Ficoll-Hypaque density gradient centrifugation method. The cells were placed in a Neubauer chamber, and cell viability was determined using the trypan blue exclusion method. Cells were used when the viability was \> 98%. Comparisons were made after 48 h of culture with and without stimulation using CD3 and CD28. The lower detection limit was 3.91 pg/mL.

In this study, comparative analyses of IL17A concentrations in serum and after 48 h cell culture with and without stimulation were performed between MPs and MCs, MPs and FPs, and FPs and FCs.

The categorical variables were shown as percentages, and the numerical variables as median (maximum and minimum values) or media (standard deviation).

Descriptive statistical analysis was performed to describe the clinical variables and complementary tests in the study. The Kolmogorov-Smirnov normality test was used for quantitative variables, and the Mann-Whitney nonparametric test was used to compare the groups (analytical statistics) when the distribution was not normal. Ages were compared using the Student's *t*-test. Categorical variables were compared using the Chi-square test. A P value ≤ 0.05 was statistically significant.

Results {#s3}
=======

The study enrolled 40 patients (24 men and 16 women) and no difference in mean age was observed between sexes (61.4 ± 9.4 vs. 66.5 ± 7.1 years; P = 0.07). The controls included 12 men and 8 women. Similarly, no difference was observed in their mean ages (57.5 ± 12.5 vs. 58.6 ± 7.4 years, P = 0.8).

[Table 1](#T1){ref-type="table"} shows the comparison of the main clinical characteristics between men and women (patients).

###### Clinical Characteristics of the Patients

  Comorbidities                      Men (24 patients)   Women (16 patients)   P
  ---------------------------------- ------------------- --------------------- ------
  Hypertension, n (%)                14 (59%)            8 (50%)               0.8
  Dyslipidemia, n (%)                11 (45.8%)          8 (50%)               0.9
  Diabetes mellitus, n (%)           6 (25%)             9 (56.2%)             0.09
  Smoking, n (%)                     4 (16.6%)           3 (18.7%)             0.7
  Peripheral artery disease, n (%)   2 (8.3%)            3 (18.7%)             0.6
  Stroke, n (%)                      1 (4.1%)            1 (6.2%)              0.6
  Chronic kidney disease, n (%)      1 (4.1%)            1 (6.2%)              0.6

In the male group, stenosis ≥ 50% occurred in left descendent anterior (LAD) in 21 patients (87.5%), in left circumflex (LCX) in 11 (54.8%), and in right coronary artery (RCA) in 16 (66%). No stenosis was observed in left main (LM). In the female group, stenosis ≥ 50% occurred in LAD in 10 patients (41.6%), in LCX in eight (33.3%), and in RCA in eight (33.3%). There was not stenosis in LM.

In the comparison between MPs and MCs, there were higher IL17A concentrations in stimulated cells isolated from the patient group ([Table 2](#T2){ref-type="table"}). However, no significant differences in the IL17A concentrations were observed in the comparative analysis between FPs and FCs ([Table 3](#T3){ref-type="table"}).

###### Interleukin 17A in Male Patients and Male Controls

                  Men                       P                    
  ------- ------- ------------------------- -------------------- ------
  IL17A   Serum   3.91 (3.91 - 3.91)        3.91 (3.91- 9.28)    0.31
          CCWS    3.91 (3.91 - 3.91)        3.91 (3.91 - 3.91)   0.45
          CCS     451.67 (99.02 - 892.58)   135 (3.91 - 285)     0.04

IL17A: interleukin 17A; CCWS: after 48 h of cell culture without stimulation; CCS: after 48 h of cell culture with stimulation.

###### Interleukin 17A in Female Patients and Female Controls

                  Women                    P                     
  ------- ------- ------------------------ --------------------- ------
  IL17A   Serum   3.91 (3.91 - 3.91)       3.91 (3.91 - 625)     0.90
          CCWS    3.91 (3.91 - 3.91)       3.91 (3.91 - 3.91)    0.20
          CCS     131.21 (3.91 - 231.97)   173.78 (3.91 - 642)   0.24

IL17A: interleukin 17A; CCWS: after 48 h of cell culture without stimulation; CCS: after 48 h of cell culture with stimulation.

In the comparison between the MPs and FPs, there were higher IL17A concentrations in the stimulated cells isolated from the MPs ([Table 4](#T4){ref-type="table"}).

###### Interleukin 17A in Male Patients and Female Patients

                  Patients                  P                        
  ------- ------- ------------------------- ------------------------ ------
  IL17A   Serum   3.91 (3.91- 3.91)         3.91 (3.91 - 3.91)       0.17
          CCWS    3.91 (3.91 - 3.91)        3.91 (3.91 - 3.91)       0.47
          CCS     451.67 (99.02 - 892.58)   131.21 (3.91 - 231.97)   0.02

IL17A: interleukin 17A; CCWS: after 48 h of cell culture without stimulation; CCS: after 48 h of cell culture with stimulation.

Discussion {#s4}
==========

This study revealed higher IL17A concentrations in the stimulated cells isolated from the MPs than in those isolated from FP and MC.

Hashmi et al observed higher IL17 concentrations in patients with acute coronary syndromes than in patients with chronic CAD \[[@R09]\].

Zhang et al showed higher IL17A concentrations in male patients with acute myocardial infarction (AMI) than in women \[[@R10]\].

Our study also revealed higher IL17A concentrations in men than in women; however, it included patients with chronic and stable coronary syndrome.

Several investigations revealed that IL17A concentration did not increase in patients with chronic CAD compared to those in controls \[[@R09], [@R11]\]. In our study, patients were evaluated according to sex and higher concentrations of the IL17A were observed in MPs than in the MCs and FPs.

There are data revealing that the prevalence of CAD differed according to the sex of the patients. The size of coronary arteries, prevalence of CAD, prognosis, mortality rates, and incidence of complications after CABG or PCI may vary according to the sex of the patient \[[@R12], [@R13]\].

The anatomical, physiological, and clinical characteristics of CAD differed between male and female patients. The prevalence of AMI is higher among MPs than among FPs. Although several causes to explain this difference have been postulated, the phenomenon is still not completely understood \[[@R01], [@R06], [@R14]\].

IL17A concentration has been studied for several years, and its involvement in atherosclerosis has been investigated. The following effects of this interleukin are related to CAD: attraction and activation of neutrophils, synergistic action with the tumor necrosis factor alpha, release of IL6 and IL8, induction of pro-inflammatory changes in different cell types, injury and apoptosis of endothelial cells, influence on the polarization of type 1/type 2 macrophages, combined action with interferon gamma for the production of inflammatory interleukins by smooth muscle cells and synergistic effect with IL12 \[[@R15]\].

In animal models, IL17A deficiency was observed to reduce atherosclerosis, decrease the number of macrophages in the atheroma, and inhibit release of monocyte chemoattractant protein 1, IL1b, IL12, and interferon gamma in the plaque. However, administration of this interleukin was also reported to inhibit the formation of atheroma, and its deficiency did not affect atherosclerosis \[[@R19]\].

Therefore, IL17A was considered by many investigators as pro-atherosclerotic and, as such, is associated with a possible acute coronary syndrome. Conversely, while other authors reported anti-atherosclerotic effects, many believe that the type of diet administered to the animals partly influences the results, suggesting an anti-atherosclerotic effect \[[@R23]\].

The IL17 may be involved in the disruption of vulnerable plaques triggered by short-term stimulation with lipopolysaccharide, phenylephrine injection and cold in ApoE2/2 mice \[[@R24]\].

In this study, when the cells isolated from the patients with chronic CAD were kept in contact with positive stimulating compounds, higher IL17A concentrations were observed in the MPs than in the MCs and FPs.

These findings support the hypothesis that when exposed to certain stimuli, cells isolated from male patients with chronic CAD may produce higher IL17A concentrations than those from FPs. Moreover, as the concentration of this interleukin was shown to increase in patients with AMI \[[@R10]\], the enhanced IL17A concentration may partly justify the higher incidence of acute coronary syndromes in men.

Therefore, in conclusion these results support the hypothesis that the increased ability of cells from male patients with chronic CAD to produce IL17A after exposure to stimuli may be a factor involved in the development of AMI.

The main limitations of the study are the fact that no evaluation on which cells produced IL17A was performed, absence of dosage of the other interleukins associated with IL17A, possible differences in clinical profile that may not have been found because of the sample size.
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